Histone H3 lysine-9 methyltransferase G9a/EHMT2/KMT1C is a key corepressor of gene expression. However, activation of a limited number of genes by G9a (independent of its catalytic activity) has also been observed, although the precise molecular mechanisms are unknown. By using RNAi in combination with gene expression microarray analysis, we found that G9a functions as a positive and a negative transcriptional coregulator for discrete subsets of genes that are regulated by the hormone-activated Glucocorticoid Receptor (GR). G9a was recruited to GR-binding sites (but not to the gene body) of its target genes and interacted with GR, suggesting recruitment of G9a by GR. In contrast to its corepressor function, positive regulation of gene expression by G9a involved G9a-mediated enhanced recruitment of coactivators CARM1 and p300 to GR target genes. Further supporting a role for G9a as a molecular scaffold for its coactivator function, the G9a-specific methyltransferase inhibitor UNC0646 did not affect G9a coactivator function but selectively decreased G9a corepressor function for endogenous target genes. Overall, G9a functioned as a coactivator for hormoneactivated genes and as a corepressor in support of hormone-induced gene repression, suggesting that the positive or negative actions of G9a are determined by the gene-specific regulatory environment and chromatin architecture. These findings indicate distinct mechanisms of G9a coactivator vs. corepressor functions in transcriptional regulation and provide insight into the molecular mechanisms of G9a coactivator function. Our results also suggest a physiological role of G9a in fine tuning the set of genes that respond to glucocorticoids. methylation | transcription | enhancer | H3K9 T he histone code of posttranslational modifications has a pivotal role in organizing nuclear architecture, which, in turn, is involved in regulating transcription. Methylation of histone H3 at lysine 9 (i.e., H3K9) is involved in gene repression and heterochromatin formation. G9a/EHMT2/KMT1C is the major enzyme in euchromatin of mammalian cells, which mono-and dimethylates H3K9 (1, 2) . Disruption of the G9a gene in mice results in early embryonic lethality (3) . G9a interacts with a variety of repressive transcription factors such as CDP/Cut (4), Gfi1 (5), PRDM1 (6) , NRSF/REST (7), and UHRF1 (8) , and has canonically been characterized as a transcriptional corepressor. The catalytic function located in the G9a C-terminal SET domain plays key roles in regulation of gene expression, proviral silencing (9, 10), establishment and maintenance of DNA methylation (11) (12) (13) , and genome stability (14) .
G9a is overexpressed in various human cancers including leukemia (15) , prostate carcinoma (14, 15) , hepatocellular carcinoma (16) , and lung cancer (17) , and depletion of G9a inhibits cancer cell growth (14, 18) ; potent and selective inhibitors have been developed to prevent gene repression by G9a-mediated H3K9 methylation (19) (20) (21) (22) , and this may represent a potential approach for cancer treatment. However, we have shown that G9a can also positively regulate gene expression by acting as a transcriptional coactivator for nuclear hormone receptors (NRs) (23, 24) . In luciferase reporter gene assays, the methyltransferase activity of G9a is not required for its coactivator function with NRs (23) . Indeed, in such assays, the N-terminal portion of G9a is necessary and sufficient to reproduce full coactivator function (24) , suggesting distinct mechanisms for G9a coactivator and corepressor functions. Although G9a coactivator function is poorly documented and not well understood, it may be of equal physiological relevance, as positive gene regulation by G9a has been shown to play an important role in adult erythroid cell differentiation (25) and T helper cell differentiation and function (26) . However, to date, a limited number of endogenous target genes that are positively regulated by G9a have been described, and the molecular mechanisms by which G9a contributes positively to transcription complex assembly and activation on target genes remain unknown. Moreover, it is not well understood how the switch between G9a repressor and activator functions is regulated.
To address these questions, we studied G9a function as a transcriptional coregulator for the Glucocorticoid Receptor (GR), which belongs to the steroid hormone receptor subclass of NRs. GR is activated by its cognate natural steroid ligand cortisol as well as many synthetic compounds, causing it to bind specific DNA sequences that are associated with and serve as regulatory enhancer or silencer elements for specific genes (27) . Hormoneactivated GR can also associate with specific genes through protein-protein interactions with other DNA-binding transcription factors. Most mammalian tissues and cell types contain GR, and GR ligands typically cause activation or repression of hundreds of target genes in any given cell type (28) (29) (30) . Transcriptional regulation by GR and other NRs involves recruitment of many coregulator proteins (coactivators and corepressors), which remodel chromatin conformation and regulate the recruitment and activation of transcription complexes containing RNA polymerase II (27, 31) . Positive and negative regulation by G9a have been documented for a few endogenous target genes of steroid hormone receptors, but the overall extent of G9a influence on steroid hormone-regulated gene expression has not been defined for any cell type.
Here we identify the global repertoire of endogenous GR target genes in A549 lung adenocarcinoma cells and define the subset of GR target genes that require positive or negative actions by G9a for their hormonal regulation. Genes thus identified were used as models for dissecting the molecular mechanisms and protein partners involved in the positive vs. negative gene-regulating functions of G9a. Surprisingly, we found that G9a depletion did not affect basal levels of gene expression; instead, G9a was required as a true coactivator or corepressor for specific subsets of GR target genes and acts by direct association with GR target genes. We investigated the mechanism by which G9a is recruited to those genes and the mechanism of G9a coactivator function by studying protein-protein interactions and testing how the depletion of G9a affected the assembly of an active transcription complex on GR target genes; and we tested whether G9a methyltransferase activity is required for its coactivator and corepressor functions. Our results support a model whereby G9a functions as a coactivator by acting as a scaffold for the recruitment/stabilization of additional coactivators to GRbinding sites (GBSs). These findings begin to elucidate the molecular mechanisms of G9a coactivator function and the switch mechanism that controls the dual coactivator and corepressor actions of G9a.
Results

G9a Positively and Negatively Regulates Transcription of Specific
Subsets of GR Target Genes. To characterize in an unbiased genome-wide manner the repertoire of endogenous genes positively and negatively regulated by G9a, we performed gene expression microarray profiling of noninfected A549 cells as well as cells depleted of G9a with lentivirus-transduced shRNA (shG9a) and cells expressing a control nonspecific shRNA (shNS). G9a protein and mRNA were efficiently depleted by shG9a, whereas the level of G9a-like protein (GLP or EHMT1), a heterodimer partner for G9a in gene repression (32) , was unaffected (Fig. S1 A and B) . Glucocorticoid-regulated genes and the GBSs near GR target genes have been well defined in A549 cells (28, 29, 33) . Noninfected cells and cells infected with lentivirus expressing shNS and shG9a were treated (or untreated) with the synthetic GR agonist dexamethasone (dex), and the impact of G9a depletion on the hormonal regulation of GR target genes was investigated (Fig. S1C) . To impose stringent reproducibility criteria, RNA samples from four independent experiments conducted on separate days were analyzed. From analysis of the microarray results, we identified 2,271 genes for which the mRNA level was changed significantly and by at least 1.5 fold after 24 h of dex treatment ( Fig. 1 A and B and Dataset S1). Almost equal numbers of genes were induced or repressed by hormone (Fig. 1B) . Because the cell phenotype is determined more by the levels of mRNAs after dex treatment than the fold change in the mRNA levels, we assessed the effect of G9a depletion by comparing gene expression profiles in the dex-treated control cells (uninfected cells and cells infected with the virus encoding shNS) and the dex-treated shG9a cells (Fig. S1D) . Overall, the expression of 200 genes was significantly different (no fold cutoff was imposed) in the dex-treated shG9a cells vs. the dex-treated control cells (small Venn diagram, Fig. 1A ), and 122 of the total 200 G9a-regulated genes (61%) also belonged to the dex-regulated set of genes (Fig. 1A) . Surprisingly, we found that G9a depletion did not significantly affect basal levels of gene expression; instead, G9a served as a required coactivator or corepressor for a specific subset of GR target genes. Thus, serving as a coregulator for GR represents a major function for G9a in dex-treated A549 cells. Notably, among all 200 genes regulated by G9a, 28% were positively regulated by G9a (Dataset S2). Thus, positive regulation of gene expression represents a significant portion of G9a-mediated regulation.
Of the 26 hormone-induced genes that were significantly regulated by G9a, 20 were induced less upon G9a depletion, indicating a positive role (i.e., putative coactivator function) for G9a ( Fig. 1B and Datasets S1 and S2). For example, the microarray data shows that the dex-mediated induction of ENaCα and CDH16 gene expression is compromised upon G9a depletion, illustrating a positive supporting role by G9a in dex-induced gene expression (Fig. S1E ). In contrast, dex-induced expression of only six genes was enhanced upon G9a depletion ( Fig. 1 B and Datasets S1 and S2). Indeed, the hormonal induction of ANGPTL4 gene expression is further enhanced upon G9a depletion (Fig. S1E) , indicating that G9a can also restrict or oppose hormone-induced expression. Considering the 96 hormone-repressed genes that were significantly regulated by G9a, 95 were less well repressed upon G9a depletion, indicating that G9a functioned almost exclusively as a corepressor in support of dexregulated repression by GR (Fig. 1B) . For example, dex-mediated repression of ATP6V1C1 gene expression was eliminated upon G9a depletion (Fig. S1E) . Thus, our data show that, in general (with a few exceptions), G9a supported the activity of hormone-activated GR, helping (rather than opposing) its activation or repression of genes. Given that the dex-regulated level of GR-target gene expression was influenced by G9a depletion in only 122 of 2,271 cases, G9a is a very selective coregulator for GR ( Fig. 1 A and B, Fig. S1E , and Dataset S1). Although G9a protein was not completely eliminated by shG9a (Fig. S1A) , it seems unlikely that the small residual amount of G9a protein was responsible for the low percentage of GR target genes that were affected by G9a depletion.
G9a Acts at Transcriptional Level. The effect of G9a depletion on expression of selected dex-regulated genes was validated by quantitative RT-PCR (RT-qPCR) analysis of cells treated with dex for varying times (Fig. 1C) . The effect of G9a depletion on mRNA levels agreed well with data from the microarray analysis (Fig. S1E) . As steady-state mRNA levels are determined by a multistep process (including RNA synthesis, splicing, polyadenylation, export, and turnover) (34), we quantified the levels of nascent transcript as a more accurate assessment of the effect of G9a depletion on the instantaneous transcriptional activity on the gene promoter at any given time. To assess pre-mRNA levels, we performed RT-qPCR with PCR primers that span an early exon/intron boundary for each gene of interest. The effects of G9a depletion on pre-mRNA levels (Fig. 1D) were very similar to the effects observed for mRNA steady-state levels (Fig. 1C) . Thus, both positive and negative G9a-mediated regulation of GR target gene expression occurs at the gene transcriptional level.
G9a Is Recruited to GR-Binding Sites in a Hormone-Dependent
Manner. Although G9a regulates GR target genes at the transcriptional level (Fig. 1D) , it is possible that G9a acts through a direct mechanism (i.e., G9a associates with the GR target genes) or an indirect mechanism (i.e., G9a regulates a second gene whose product then regulates a GR target gene). As a direct mechanism would require that G9a physically associate with the genes it regulates, we performed ChIP analyses with antibody against G9a. G9a was specifically observed at the GBS located 1.3 kb upstream of the transcription start site (TSS) of the ENaCα gene (positively regulated by G9a) at 1 and 5 h after onset of dex treatment but not in the absence of hormone (Fig.  S2A) . In contrast, G9a enrichment was not observed at other sites on the ENaCα gene ( Fig. S2 A and B and Fig. 2, Left) . The same was found to be true for another gene positively regulated by G9a, CDH16 (Fig. 2) . Importantly, hormone-induced G9a occupancy at the GBSs of the ENaCα and CHD16 genes was abolished upon depletion of G9a, indicating the specificity of the G9a ChIP signal obtained by using this antibody (Fig. S2B) . G9a occupancy was also specifically enriched in a hormone-dependent manner at the GBS of the ANGPTL4 and ATP6V1C1 genes, which were negatively regulated by G9a (Fig. 2) . In contrast, G9a occupancy at the GBS of the FKBP5 gene, which did not require G9a for dex-induced expression, was not enriched in response to hormone. Thus, dex treatment caused gene-specific and site-specific recruitment of G9a to GBS of GR target genes where G9a exerted positive and negative regulation.
G9a Binds to GR in Vitro and in Vivo. To explore the mechanism of G9a recruitment to the GBS of its target genes, we tested for a physical interaction between G9a and GR. In GST pull-down experiments, full-length human GR translated in vitro failed to interact with the C-terminal SET domain or central ankyrin repeat domain of mouse G9a (mG9a), but bound specifically to an N-terminal mG9a fragment consisting of amino acids 1 to 333 (Fig. 3A) . In contrast to the hormone-dependent nature of the interaction between GR and SRC-1 (used as a positive control), the interaction between GR and G9a N-terminal domain was not hormone-dependent (Fig. 3A) . Further GST pull-down experiments demonstrated that the GST-tagged mG9a N-terminal fragment bound to the C-terminal ligand binding domain of rat GR, but not to the rat GR DNA-binding domain (Fig. S3A) . Importantly, the interaction between G9a and GR was also confirmed by endogenous coimmunoprecipitation experiments (immunoprecipitation with antibodies against G9a) in A549 cells and was also hormone-independent (Fig. 3B) ; coimmunoprecipitated G9a was not detected when antibodies against GR were used for immunoprecipitation, possibly because of the weak input Western blot signal generally obtained for G9a. The interaction of G9a with GR provides a potential mechanism for hormonedependent recruitment of G9a to the GBS of GR target genes.
G9a Is Important for Recruitment of p300 and CARM1 to GR Target Genes. The specific steps in transcription complex assembly facilitated by G9a in its role as a transcriptional coactivator have not previously been investigated to our knowledge. Our microarray (Datasets S1 and S2) and immunoblot analyses (Fig. S3B ) ruled out the possibility that G9a depletion reduced GR mRNA or protein levels. Furthermore, the recruitment of GR to GBSs in response to hormone was not significantly affected by G9a depletion (Fig. 3C) . Although the experiment shown features a slight decrease in GR recruitment upon G9a depletion at 4 h, this decrease was not consistently observed across multiple independent experiments.
Formaldehyde-assisted isolation of regulatory elements (FAIRE) experiments coupled with qPCR showed that the hormone-inducible chromatin remodeling of the GBS is not affected by G9a depletion (Fig. S4) . Thus, G9a must contribute to the assembly of an active transcription complex on GR target gene promoters by facilitating events occurring subsequent to the binding of GR, dex-induced remodeling of the GBS and TSS regions, and recruitment of G9a to the GBS. Our previous transient reporter gene studies indicated that G9a acts as a coactivator in synergy with the coregulators GRIP1, CARM1, and p300 (23, 24) . We therefore tested whether G9a facilitates recruitment of CARM1 and p300 to the DNA-bound GR complex. Indeed, G9a depletion specifically resulted in deficient p300 and CARM1 recruitment to GBSs associated with GR target genes (ENaCα and CHD16) that require G9a coactivator function (Fig. 4A) . Furthermore, siRNA-mediated depletion of CARM1 or p300 reduced the hormonal induction of the G9a-coactivated genes ENaCα and CDH16 (Fig. S5A) , indicating that CARM1 and p300 are critical for the hormonal regulation of these genes. Depletion of G9a did not affect p300 or CARM1 protein levels, nor did depletion of CARM1 or p300 reduce G9a protein level (Fig. S5 B and C) . We next investigated whether CARM1 and/or p300 were reciprocally required for G9a recruitment, which would suggest cooperative recruitment of these three coregulators. Depletion of p300 or CARM1 did not affect G9a recruitment to its target genes, whereas, in the control experiment, depletion of G9a abolished G9a recruitment as expected (Fig. 4B) . These results show that G9a is required for recruitment of CARM1 and p300, but CARM1 and p300 are not required for G9a recruitment, indicating that G9a recruitment to the GBS is a prerequisite for CARM1 and p300 recruitment.
To explore the mechanism of G9a recruitment of p300 and CARM1, coimmunoprecipitation experiments were performed. GRIP1 interacts with CARM1 and p300 and has previously been implicated through transient reporter gene assays in the recruitment of CARM1 and p300 to NR target genes (35) . Immunoprecipitation of FLAG-tagged full-length G9a caused coimmunoprecipitation of HA-tagged CARM1 and GRIP1 (Fig.  4C) , consistent with a mechanism of G9a coactivator function that involves G9a-assisted recruitment of p300 and CARM1 to GR target genes (Fig. 4D) .
G9a Catalytic Activity Is Not Involved in Its Coactivator Function. We have previously shown in luciferase reporter gene assays that the G9a SET domain is not required for its coactivator function in this artificial system. However, it is not clear whether, in addition to recruiting CARM1 and p300, G9a catalytic activity is also involved in its coactivator function for the dex regulation of endogenous genes in the context of chromatin. Treatment of A549 cells with the G9a methyltransferase inhibitor UNC0646 (36) for 48 h caused reduced cellular levels of H3K9 dimethylation (Fig. S6) , as expected. Treatment with UNC0646 beginning 1 h before hormone delivery partially but significantly relieved the hormonal repression of all three G9a corepressed genes tested; indeed, approximately half or more of the inhibitory effect of dex is lost upon cotreatment with the G9a enzyme inhibitor (Fig. 4E, Center) . However, the inhibitor did not significantly affect the hormonal induction of genes coactivated by G9a (Fig. 4E, Left) or the hormonal activation or repression of genes that are not regulated by G9a (Fig. 4E, Right) . Thus, whereas the G9a corepressor function for endogenous genes involves its methyltransferase activity, G9a coactivator function is methyltransferase activity-independent. Our results provide robust evidence that G9a functions as a coactivator mainly by acting as a molecular bridge (or assembly platform) between the NR and transcriptional coactivators.
Discussion
Role of G9a in Regulating the Expression of Target Genes of GR.
Although G9a has canonically been characterized as a transcriptional corepressor for a variety of transcription factors, positive regulation of gene expression by G9a has recently been described (23) (24) (25) (26) . However, the molecular mechanisms of G9a-mediated positive regulation of gene expression are poorly understood. In particular, it has not been determined whether G9a enhances expression of genes by direct positive actions or through an indirect cascade of gene regulation that involves G9a repression of genes encoding other transcriptional repressors. In this study, we defined the global extent of positive and negative gene regulation by G9a in a specific cell line in the context of glucocorticoid-regulated gene expression. We found that G9a regulates positively or negatively the transcriptional efficiency of specific subsets of GR target genes. G9a had a positive action on the transcription of a relevant portion (17%) of the 122 genes that are regulated by dex and G9a, emphasizing the physiological relevance of positive gene regulation by G9a. Furthermore, in most cases, G9a facilitated, rather than opposed, the positive or negative regulation of genes by dex. Specifically, G9a functioned as a coactivator for 20 of 26 genes that were induced by dex and affected by G9a depletion; and G9a served as a corepressor for 95 of 96 genes that were repressed by dex and affected by G9a depletion (Fig. 1B) . These results suggest that the switch that controls G9a function as a positive or negative regulator of gene expression likely involves the gene-specific chromatin architecture and/or context of protein-protein interactions with GR or other coregulators at the GBS. Indeed, negative regulation of gene expression by G9a is often linked to its histone methyltransferase function, but histones that are acetylated at H3K9 (which is expected at genes where histone acetyltransferases have been recruited) are not substrates for G9a methyltransferase catalytic activity. In addition, the switch between G9a coactivator and corepressor functions could be regulated by posttranslational modifications of G9a or protein-protein interactions. Thus, it seems likely that G9a, through its coactivator and corepressor functions, can fine-tune the hormone response (i.e., the exact set of genes that is regulated by hormone) and thus is likely to have an impact on the physiological outcome of the hormone action. Another key finding of our global gene regulation analysis is that most (122 of 200) of the genes affected by G9a depletion were dex-regulated genes. These results suggest that the primary role of G9a in A549 cells is to modulate or facilitate acute gene regulation by regulated transcription factors (such as GR), rather than control basal expression of genes.
Molecular Mechanism of G9a Coregulator Function on GR Target
Genes. Previous studies showed that dimethylation of H3K9 was present in the coding region of transcriptionally active genes (37) , suggesting that positive regulation of gene expression by G9a might involve enzymatic actions by G9a within the coding region to facilitate transcription elongation. However, for GR target genes regulated positively and negatively by G9a, we observed hormone-dependent recruitment of G9a to distal GRbinding regions associated with GR target genes, but not to the gene TSS and body (Fig. 2 and Fig. S2 ). Furthermore, negative and positive gene regulation by G9a occurs at the level of transcription, as pre-mRNA levels measured for each gene of interest were affected by G9a depletion (Fig. 1D) .
Our analyses indicate that G9a recruitment to GBSs is most likely mediated through direct interaction between G9a and GR. Supporting these findings, the lower fold enrichment of G9a occupancy at the ATP6V1C1 GBS (Fig. 2) is consistent with previous reports of weaker occupancy of GR at hormone-repressed genes compared with hormone-induced genes (38) . The N-terminal region of G9a interacted physically with GR in vitro and in vivo (Fig. 3) . Furthermore, the same region of G9a also bound to estrogen receptor (ER)-α, was necessary and sufficient to recapitulate full G9a coactivator function in luciferase reporter gene assays with ER-α, and was sufficient for hormonedependent recruitment of G9a to endogenous target genes of ER-α (24) . Given that there is no known enzymatic activity associated with this N-terminal domain of G9a, these data suggest that G9a coactivator function is most likely mediated through G9a acting as a bridge for protein-protein interactions between GR and coactivators or basal transcription machinery.
We found that G9a action occurred subsequent to the dexinduced recruitment of GR and G9a to the GBS (Fig. 3C) and chromatin remodeling at the GBS (Fig. S4) , but before the recruitment of CARM1 and p300 (Fig. 4B) . We also showed that G9a coactivator function, in contrast to its corepressor function, is mediated through G9a acting as a molecular scaffold to facilitate recruitment of coactivators CARM1 and p300 to endogenous GR target genes that are positively regulated by hormone and by G9a (Fig. 4) . These data provide a unique molecular mechanism to explain the synergy among G9a, CARM1, and p300 previously observed in transient reporter gene assays (23) . However, we cannot rule out the possibility that G9a may stabilize the association of CARM1 and p300 with the GBS rather than facilitate their recruitment. A detailed time course of GR, G9a, p300, and CARM1 binding to GBS after the onset of dex treatment would further help to dissect the order of different steps leading to activation. Importantly, our data show that G9a coactivator function for endogenous genes is independent of its catalytic activity (Fig.  4E ). In agreement with these findings, artificial luciferase reporter gene assays previously showed that the N-terminal domain consisting of the first 333 aa (and lacking the catalytic SET domain) was necessary and sufficient to recapitulate full coactivator function (24) . Thus, if G9a inhibitors become more commonly used in drug cancer therapy and induced pluripotent stem cell technology, one must take into account that these compounds will inhibit G9a-mediated regulation of corepressed gene targets but are unlikely to affect G9a-mediated regulation of coactivated gene targets. In conclusion, these data begin to elucidate the molecular mechanisms of G9a-mediated positive regulation of gene expression and how the switch between G9a coactivator and corepressor functions is regulated. (C) COS-7 cells were transfected with pSG5-2XFLAG-hG9a (full-length) and pSG5-HA-mCARM1 (full-length) or pSG5-HA-mGRIP1 (full-length) and treated with dex for 0 or 4 h. G9a was immunoprecipitated from cell extracts with an anti-FLAG antibody or nonimmune IgG (for background estimation), and bound protein was analyzed by immunoblot with anti-G9a antibody (Lower) to control for levels of immunoprecipitated G9a or with anti-HA antibody to detect CARM1 or GRIP1. A 5% input sample was loaded for comparison. (D) Model for positive G9a-mediated regulation of GR target gene expression. First, hormone-activated GR binds to GBS. Next, G9a is recruited to GBS at least in part through interaction with GR. G9a then facilitates recruitment or stabilizes the association at the GBS of p300 and CARM1 coactivators, which acetylate histones H3 and H4 (H3/H4 Ac) and dimethylate histone H3 at R17 (H3R17me2), respectively, leading to the recruitment of basal transcription factors (TFIIB and TBP) and RNA polymerase II (Pol II) complex. (E) RT-qPCR quantification of mRNA levels for the indicated genes normalized to β-actin mRNA. Cells were treated with 100 nM dex (white and black bars) or the equivalent volume of EtOH (vehicle; gray bars) for 8 h. At 1 h before hormone or EtOH treatment, cells were treated with 2 μM UNC0646 (black bars) or equivalent volume of DMSO (vehicle; white and gray bars). Results shown are mean ± SD for at least three independent experiments (*P ≤ 0.05, paired t test).
Materials and Methods
Cell culture, plasmids, immunoblot, and lentivirus production and delivery of anti-G9a shRNA are described in SI Materials and Methods.
Real-Time RT-qPCR Analysis. Total RNA isolation, cDNA synthesis, and quantitative PCR analysis were performed as described in SI Materials and Methods by using PCR primers described in Dataset S3. All mRNA and premRNA levels were normalized to the level of β-actin mRNA.
Gene Expression Analysis by Illumina Microarray. Global gene expression analysis was performed with Illumina Human-Ref8v3 microarrays by using total RNA samples from four biological replicates from four independent experiments performed on different days. Each experiment included noninfected A549 cells or A549 cells infected with lentivirus encoding shNS or shG9a, with or without treatment with 100 nM dex for 24 h (24 samples total). Experimental details and methods of data analysis are described in SI Materials and Methods and Dataset S4.
ChIP. ChIP assays were performed according to previously described protocols (39) with minor modifications, as detailed in SI Materials and Methods.
Protein Interaction Assays. The procedure for GST pull-down assays was described previously (40) with minor modifications, as detailed in SI Materials and Methods.
FAIRE. The procedure for FAIRE was performed as described previously (41) .
siRNA Transfection. siRNA transfection protocol and siRNA sequences used are described in SI Materials and Methods.
